…………………………………………………………………………………………………….... Introduction:-
Pre-eclampsia (PE) is a pregnancy-specific disorder (1) characterized by development of hypertension and proteinuria in a previously normotensive woman around or after the 20 th week of gestation (2) . Worldwide, PE affects 2-8% of all pregnancies (1) . PE is a life-threatening vascular disorder of pregnancy due to a failing stressed placenta (3) and represents a significant health risk to both pregnant women and their unborn children (4) .
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Pregnancy is a unique physiological process that involves interplay of changes of hormonal and inflammatory milieu with cellular and molecular events at the maternal-fetal interface (5) . PE was considered as an autoimmune disorder (6) developing secondary to pregnancy-induced hormonal and immunological changes through induction of local or systemic release of pro-inflammatory cytokines (7) . Pathogenesis of PE begins with abnormal cytotrophoblast apoptosis, which leads to inflammation and an increase in the levels of anti-angiogenic factors followed by disruption of the angiogenic status (8) .
Regulatory T (Treg) cells and T helper (Th) 17 cells are two distinct subsets of CD4 + T cells, which are mutually antagonistic in the immune response (IR) (9) . Regulatory T cells differentiate in the thymus, along with conventional CD4+ T cells to control homeostasis of the immune system and immune responses (10) . The CD3+, CD3+/CD4+, and CD3+/CD8+ T-cell populations express intracellular cytokines including interferon-gamma, tumor necrosis factor-α (TNF-α), interleukin (IL)-4 and IL-10 (11) .
Several types of T cells have been associated with the pathogenesis of pregnancy-induced complications (12) ; changes of dendritic cells regarding phenotype and function change may be an important reason for PE through induction of immune imbalance (13) . Regulatory T cells are present at the fetal-maternal interface early in pregnancy and expand during pregnancy (14) .
Maternal serum screening for early predictors for development of PE is conducive to prompt gestational management, thus may improve pregnancy outcomes (15) , so the current study targets to estimate serum levels of pro-inflammatory cytokines; TNF-α, IL-6 and IL-10 as an anti-inflammatory cytokine in primigravida women at the 12 th week of gestation and to evaluate its predictability for development and severity of PE.
Design:-Prospective selective comparative clinical trial

Setting:-Benha University Hospitals
Patients & Methods:-The study protocol was approved by the Local Ethical Committee and all pregnant women fulfilled the inclusion criteria and agreed to attend the outpatient clinic for follow-up signed written fully informed consent. The study targets to collect > 60 PE primigravida and then a similar number of primigravida women fulfilling the inclusion criteria and did not develop PE during the observation period were included as control group. All primigravida women with singleton fetus and attended the antenatal care unit prior to the 12 th week gestational age (GA) were eligible for evaluation for inclusion and exclusion criteria. At time of the 1 st visit all women underwent complete clinical and gynecological examination and GA was calculated since the 1 st day of the last menstrual period and confirmed by crown-rump length measurement on US examination.
Exclusion criteria included BMI ≥35 kg/m 2 , presence of family history of PE, multiple pregnancy, fetal abnormalities, pre-conception diabetes, essential hypertension, renal, hepatic or cardiac diseases. Patients maintained on immunomodulatory drugs, had immune deficiency states, or autoimmune diseases were also excluded from the study. Preliminary examination conducted at 1 st visit included estimation of systolic and diastolic blood pressures (SBP & DBP) to assure for being normotensive.
Throughout the antenatal visits, women who developed PE diagnostic criteria were grouped as PE group. PE was diagnosed by the development of gestational hypertension after the 12 th week GA in women who were normotensive at time of 1 st antenatal visit with SBP ≥140 mmHg and/or DBP ≥90 mmHg on at least two occasions, 4 hours apart, and proteinuria (one dipstick measurement ≥2+ on a voided random urine sample) (16, 17) . PE women were categorized according to time of development of PE into Early PE if diagnosed before the 20 th week GA and Late PE if diagnosed later to the 20 th week GA and within each group, PE was categorized as mild and severe. Severe PE was diagnosed according to the criteria published in the National High Blood Pressure Education Program Working Group Report on High Blood Pressure in Pregnancy (18) including SBP ≥160 mmHg, DBP≥110 mmHg, and proteinuria ≥5 g/in a 24-h period. The study also included a cross-matched number of pregnant women who completed their pregnancy free of manifestations of PE as control group.
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Blood sampling:-At time of 1 st antenatal visit, all study participants gave 5 ml blood sample that was withdrawn under complete aseptic conditions, allowed to clot and then centrifuged at 3000 rpm for 10 minutes to separate serum that was collected in sterile Eppindorff tube and stores at -80 o C till be assayed. Blood samples were collected and numbered by an assistant who was blinded about diagnosis.
Laboratory investigations:-1-Serum IL-10 was measured with an ELISA kit from Milenia®, DPC Biermann, Bad Nauheim; Germany (19) . 2-Serum IL-6 (20) and TNF-α (21) levels were measured with an ELISA kit from Pelikine™ Inc., Concord, USA.
Statistical analysis:-
Obtained data were presented as mean±SD, numbers and percentages. Results were analyzed using One-way ANOVA with post-hoc Tukey HSD Test and Chi-square test (X 2 test). Possible relationships were investigated using Pearson's linear regression. Sensitivity & specificity of estimated parameters as predictors were evaluated using the receiver operating characteristic (ROC) curve analysis judged by the area under the curve (AUC) compared versus the null hypothesis that AUC=0.05. Statistical analysis was conducted using the IBM SPSS (Version 23, 2015) for Windows statistical package. P value <0.05 was considered statistically significant.
Results:-Seventy-nine primigravida developed PE during the observation period, 14 women were excluded and 65 women were collected as PE group. Another 65 primigravida who completed their pregnancy free of PE were collected as control group (Fig. 1) . PE women had significantly higher body weight and BMI than control women, otherwise all enrolment data showed non-significant (p>0.05) difference between both groups (Table 1) . Mean serum TNF-α (3.1±0.95 pg/ml) and IL-6 (33.9±12.9 pg/ml) levels in PE women were significantly (p=0.001) higher compared to control women (2.55±0.7 pg/ml & 13.3±5.6 pg/ml, respectively). On contrary, serum IL-10 (15.5±4.8 pg/ml) levels in PE women were significantly (p=0.001) lower compared to control women (22.7±11.6 pg/ml), with significantly (p=0.001) higher IL-6/IL-10 ratio in PE women (2.39±1.14) compared to control women (0.77±0.56), (Fig. 2 & 3) . 
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Pearson's correlation analysis showed positive significant correlation between development of PE and body weight, BMI, serum levels of TNF-α, IL-6 and IL-6/IL-10 ratio, while showed negative significant correlation with serum IL-10. PE severity, as judged by blood pressure measures at time of PE diagnosis, showed positive significant correlation with maternal age, body weight, BMI, and estimated serum parameters (Table 3) . ROC curve analysis defined high body weight, BMI, high serum IL-6 and TNF-α and high IL-6/IL-10 ratio as significant specific predictor, while low serum IL-10 as a significant sensitive predictor for possibility of development of PE (Fig. 4) . Also, ROC curve analysis defined high IL-6/IL-10 ratio as significant sensitive predictor for severe PE (Table 4) , while defined high serum IL-6 (AUC=0.838, p=0.024) and high TNF-α (AUC=0.846, p=0.021) as significant specific predictors for mild PE (Fig. 5) . The current study detected significant alteration of body immune response in pregnant PE women than women who completed their pregnancy course free of hypertensive manifestations (Control women). Such alteration shifted immune response of PE pregnant women towards the pro-inflammatory side as manifested by significantly higher serum levels of pro-inflammatory cytokines; TNF-α and IL-6 associated with significantly lower serum levels of anti-inflammatory cytokine; IL-10.
These findings go in hand with multiple previous studies evaluated the relation between development of PE and altered immune milieu; where Vargas-Rojas et al. (22) suggested that disturbed cytokine balance during PE encourage development of an exacerbated inflammatory response with a shift towards a pro-inflammatory status. Also, Cornelius et al. (23) experimentally found on transfer of Th17 cells resulting from reduced uterine perfusion in induced tissue oxidative stress, increased serum IL-6 and causes increased blood pressure and intrauterine growth restriction and concluded that autoimmune status associated with Th17 cells may have a role in pathogenesis of PE. Thereafter, Zhang et al. (24) found plasma concentrations of IL-17 and IL-22 were significantly increased along with a decreased plasma IL-10 concentration in severe PE patients and Ribeiro et al. (25) found plasma levels of IL-6, IL-17 and TNF-α were significantly higher whereas IL-10 levels were significantly lower in PE than in normotensive women. Also, Poordast et al.
(26) detected low serum IL-21, anti-inflammatory cytokine and significantly increased serum levels of IL-17 and TGF-β, pro-inflammatory cytokines in PE than normal pregnant women. Recently, Xu et al. (27) found trophoblasts from PE placentas produced significantly more TNF-α, IL-6 and IL-8, but significantly less IL-10 than trophoblasts from normal control placentas.
Interestingly, these alterations of immune milieu were detected early in pregnancy at the 12 th wk GA with concomitant blood pressure measures within normal range and with non-significant difference between women of both groups. Moreover, these altered serum levels appeared prior to appearance of any manifestations for PE; a finding indicating a role for these alterations in pathogenesis of PE, illustrating the impact of pregnancy on immune system and suggesting a reciprocal effect.
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In support of this assumption, blood pressure measures determined at time of development of PE showed significant correlation with serum levels of cytokines estimated at the 12 th wk GA and such correlation was positive with proinflammatory, while was negative with the anti-inflammatory cytokines. These correlations go in hand with Zhang et al. (24) who detected a positive correlation between plasma IL-22 concentration and the percentage of Th22 cells and severe PE patients and data obtained by Poordast et al. (26) support the rational of imbalance of cytokine profile in PE patients.
Statistical analyses defined high serum IL-6 and low IL-10 levels manifested as high IL-6/IL-10 ratio is the significant early predictor for later development of PE. Similarly, Salazar-Garcia et al. (28) found PE patients had significantly higher TNFα/IL-10 cell ratio and Th17/Treg cell ratio compared to patients without PE.
Also, ROC curve analysis defined high IL-6/IL-10 as significant predictor for severe, while high IL-6 and TNF-α levels as significant predictors for mild PE, thus indicating the diagnostic role of immune disturbance for types of PE. Similarly, Ribeiro et al. (25) found elevated plasma levels of IL-6, IL-17 and TNF-α with decreased plasma levels of IL-10 can differentiate between early-onset and late-onset PE, while Daneva et al. (29) reported that in pregnancies complicated by PE there are increased levels of proinflammatory cytokines and changes are most pronounced in mild PE, while changes in anti-inflammatory cytokines are more pronounced in severe PE.
In trial to explore the pathogenetic basis for the relationship between disturbed immune response and development of PE, Wang et al. (30) found dendritic cells (DCs) derived from PE patients expressed significantly higher levels of CD80, 83 and 86 with significantly higher secretion of IL-23 and a stronger ability to promote the differentiation of CD4+ T cells into Th1/Th17 cells when cultured with different cytokines than DCs derived from healthy pregnant women, so concluded that altered phenotypes and functions of DCs may promote the abnormal balance of Th1 and Th17 resulting in the development of PE.
Moreover, Kemse et al. (31) supposed a role for micronutrient deficiency for development of pregnancy-induced hypertension (PIH) and experimentally found PIH induction increased the mRNA levels of IL-6, while lowering the placental anti-inflammatory cytokine IL-10 and the combined supplementation of folic acid, vitamin B 12 and omega-3 fatty acids improved placental IL-10 levels and decreased TNF-α levels, while, Fan et al. (32) found the AA genotype, compared to the CC and AC+CC genotypes of IL-10-592A/C correlate with elevated risk of developing PE.
Recently, Scroggins et al. (33) experimentally found arginine vasopressin (AVP) infusion throughout gestation in mice increased pro-inflammatory cytokines in maternal plasma, amniotic fluid, and placenta, but decreased antiinflammatory cytokines and found mouse and human T cells expressed all receptors for AVP, so documented a potential role for AVP in initiating immune dysfunction typical of PE.
Conclusion:-
Pre-eclampsia was associated with shift of immune response to pregnancy towards production of pro-inflammatory cytokines. The detected early disturbance of immune milieu points to its role in pathogenesis of PE. High IL-6/IL-10 ratio early in pregnancy could predict later development of PE especially severe PE. High IL-6 and TNF-α serum levels could early predict the development of mild PE.
